Study Design. Best evidence synthesis. Objective. To critically appraise and synthesize the literature on assessment of neck pain.
From the conceptual model presented in Guzman et al, 1 people with neck pain may or may not seek care for their symptoms. For those who do, once they enter the clinical setting, the diagnostic process begins.
Diagnostics is the process of identifying a medical condition or disease by its signs and symptoms from the results of a clinical examination and other evaluative procedures. The conclusion reached through this process is called a diagnosis. Diagnostics may be used to either "rule in" or, to "rule out" a condition, disease, or disorder. The term "diagnostic criteria" designates the combination of findings which allows the clinician to ascertain the diagnosis of the respective disease.
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Typically, someone with abnormal symptoms will consult a physician, who will then obtain a history of the patient's illness and examine the individual for signs of disease. The clinician will formulate a hypothesis of likely diagnoses and in many cases will obtain further testing to confirm or clarify the diagnosis, before suggesting definitive treatment.
In modern Western medicine the diagnoses of illness, along with the diagnostic accuracy of individual or combined diagnostic tests, serves as the basis for decisions on treatment strategies, referrals, disability assessments, reimbursement, and more.
This article presents the main results of a systematic review looking at the evidence regarding the validity and utility of diagnostic tests and self-reported disability assessment in people with neck pain. It is hoped that our best evidence synthesis approach will serve to inform clinicians on how best to confirm or refute a diagnosis or confirm a diagnosis. (Note: The literature search and critical review strategy are outlined in detail in Carroll et al.
)

Methods
We conducted a systematic search and critical review of the literature using a best evidence synthesis. The search and review strategies are outlined in detail elsewhere. 2 In brief, we systematically searched the electronic library database Medline for literature published from 1980 through 2005 on neck pain and its associated disorders, we systematically checked the reference lists of relevant articles and we updated our search to include key articles from 2006 and early 2007. Details of our electronic search strategy are outlined in Carroll et al 2 and online through Article Plus. We excluded studies on neck pain that was associated with serious local pathology or systemic disease, such as neck pain from infections, myelopathy, rheumatoid arthritis, and other inflammatory joint diseases, or tumors. We also excluded neck pain from fractures or dislocations, except for diagnostic and assessment studies relating to ruling out fractures and dislocations in neck pain, which were included in the critical review. Screening criteria are outlined in more detail in Carroll et al. 
Type of Studies Needed to Validate Diagnostic Tests
Three primary features of a diagnostic test are key to understand the accuracy of any test, they are: reliability (or reproducibility), validity (or accuracy), and predictive value in different populations. The validity of a diagnostic test refers to its ability to correctly identify people as diseased (positive for disease or at risk for disease) or nondiseased (negative for disease or not at risk for disease).
Reliability. For a test to be valid, it must first be shown to be reliable. That is, a test should consistently give the same result when it is repeated on the same person under the same conditions in a set time frame. Differences in results on repetition of a test, even under the same conditions, can arise for several reasons. The commonest are normal biologic variations in the test subject, individual observer inconsistencies (intraobserver variability), differences across observers (interobserver variability) as well as level of experience in applying the test, and differences in the underlying technology of the test equipment.
Validity.
The validity or accuracy of a diagnostic test is typically demonstrated by comparing it to a "gold standard." A gold standard is a well-accepted and commonly applied method of identifying the disease or clinical entity of interest. There are standard processes and statistics used to understand a diagnostic test. Sensitivity of a test is the proportion of people with the disease who will have a positive test result. Specificity is the proportion of people without the disease who will have a negative test result. 3 Predictive Value. Often, clinicians are more interested in other attributes of the test that is the predictive values. The positive predictive value is the probability that a person has the disease of interest given a positive test result. Similarly, the negative predictive value is the probability that someone with a negative test result does not have the disease. Sensitivity and specificity are generally thought of as properties of the test. Sensitivity and specificity are largely conditional on the disease state. However, positive and negative predictive values are related to both the accuracy of the test (sensitivity and specificity) and the general prevalence of the disease within the population of interest. 4 Although all 4 statistics (sensitivity, specificity, positive, and negative predictive values) are indicators of test accuracy, some of these may be more important in particular clinical contexts. For instance, if trying to rule out a serious underlying cause of disease, it is most important to have a very high sensitivity, to ensure no cases of serious disease are missed. Likewise, a high negative predictive value is essential so clinicians can be assured that once they accept that the disease is not present (because the test result is negative), no harm is caused to the patient as result of this conclusion.
Evaluating Diagnostic Studies
All diagnostic tests undergo a normal scientific evolution to prove their clinical value. Sackett and Haynes 5 proposed a system to classify various developmental stages of a diagnostic test (phase I-IV studies). This scheme can be used to classify studies of diagnostic tests based on what kind of research question is being addressed in the each study. Early studies of novel tests suggest these tests might be useful, but preliminary studies are not bona fide proof that these novel tests are valid, useful or should be widely adopted clinically. Clinicians should understand where novel tests are along this evolutionary scientific continuum, to make the best judgments about whether they should adopt these tests in the clinic.
Phase I Studies of Diagnostic Tests
These studies are designed to answer the following question: Do test results in affected patients differ from those in normal individuals? Such studies are typically conducted among patients known to have the disease and a group of individuals definitely known not to have the disease. If a test is found to be very rarely positive in healthy, normal controls with no suggestion of the disease, this is a good first step and the test will need to be investigated in more clinically relevant settings (phase II-IV) ( Table 1 ). This is the most basic assessment of a test's value. An encouraging phase I study cannot confirm diagnostic validity. However, if the test does not pass this first phase of investigation (i.e., many healthy subjects without the disease have positive test results) the test is very unlikely to have further diagnostic value.
Phase II Studies of Diagnostic Tests
These studies are designed to answer the following question: Are patients with certain test results more likely to have the target disorder? Phase II studies compare the range of test results of groups of patients who already have the established 123 diagnosis. The fundamental question here is whether certain values of test results are able to predict the presence of the disease than are other values. This testing strategy only includes patients for whom the clinician already has diagnostic certainty and the clinician is performing the test to categorize the range of results seen in this condition ( Table 1 ). As such, phase II diagnostic tests do not confirm validity and require evaluation in phase III and IV designs before they can be recommended for widespread clinical adoption.
Phase III Studies of Diagnostic Test
These studies are designed to answer the following question: Do test results distinguish patients with and without the target disorder among those in whom it is clinically sensible to suspect the disorder? Given promising results in phase I and phase II studies, it is necessary to determine the outcome of the diagnostic test among patients clinically suspected to have the disease (with the signs and symptoms suggesting the disease but where it is unclear whether the patient definitively does or does not have the disease). That is, clinicians rarely order tests when they are certain of the diagnosis. More typically, clinicians order a test in patients where they have some diagnostic uncertainty and want the test result to reduce that uncertainty. Wellconducted phase III studies are necessary to establish diagnostic validity, and are a prerequisite of widespread clinical adoption of a test (Table 1) . A diagnostic test may perform well in completely normal subjects (almost always negative) but may be positive in an unacceptable proportion of subjects without the disease who have similar symptoms. In that case, the test, despite good performance in phase I and II studies, would have poor validity when tested in a clinically relevant setting.
There are key features of phase III diagnostic tests that distinguish them from earlier phases. It is important for clinicians to appreciate that phase III testing is a test of the test, not only a test of the clinical population. The first key feature is that the test must be conducted in a clinical study population in which the disease status is uncertain. The second key feature refers to blinding, that is the results of the test must be independently interpreted from a recognized gold standard. Clinicians are used to ordering tests in sequence, with one test result informing the other. For example, if pneumonia is suspected, a physical examination is done looking for cough, sputum, and abnormal breath sounds. If these are positive, then a chest radiograph (gold standard) is done. To test a test, using this example, the interpretation of the chest radiograph must to be done independent (blinded) of the results on cough, sputum, and abnormal breath sounds and vice versa. Results from phase III testing are hypothesis confirming and can form the basis for widespread adoption of a test.
Phase IV Studies of Diagnostic Test
These studies are designed to answer the following question: Do patients undergoing a specific diagnostic test fare better in their health outcomes than similar patients who have not been exposed to the test? This is a study of test utility, i.e., a test may be valid but have no impact on outcomes (e.g., if there is no effective treatment available) or even adversely affect the patient who has the test done (e.g., if particularly morbid tests are commonly applied but treatments are ineffective). This study design requires follow up of cohorts of patients who have used the experimental test in their evaluation and those who have not (Table 1) . A diagnostic test with high utility will show much better health outcomes when the test is used compared to when it is not used. By default, this requires that prospective design, random-balanced allocation of test administration and disclosure, standardized protocol, and blinded interpretation, mentioned earlier, are also important.
Phase I and II evaluations when positive for a diagnostic test are promising and require further studies by phase III and IV studies (Table 1) . When the phase I and II studies are negative, i.e., the test does not discriminate between healthy and diseased, there is little value to study the test in a more rigorous design. Phase III and IV tests are necessary to recommend for the use in clinical practice. Positive phase III and IV studies are prerequisite before a diagnostic test can be recommended as clinical routine for implementation. Negative phase III and IV studies for a test prove that the test is not useful in clinical practice and should not be implemented.
Results
Most studies related to diagnosis in this systematic review were phase I, II, or III studies. Of a total of 95 scientifically admissible studies related to diagnosis, there was 1 phase IV study, 6 and 3 systematic reviews; 1 related to whiplash associated disorders (WAD), 7 another to neck pain with radiculopathy, and manual provocation tests, 8 and the last one, related to intersegmental cervical motion in patients with neck pain. 9 There was 1 meta-analysis related to imaging and emergency care of neck pain.
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Results-Diagnostic Tools and Protocols
The hierarchy on judging the scientific evidence of diagnostic test research has been outlined earlier. To place it in the proper clinical context, some clinically related comments are necessary.
The approach to the musculoskeletal system clinical evaluation includes inspection, range of motion, strength, palpation, and additional tests. 11 Following physical examination, laboratory, and radiologic tests often follow in the clinical setting. We will use this sequential approach to present the diagnostic tests uncovered in our systematic review of the literature. To help readers understand how material in this chapter is organized, we present a description of current clinical practice as applied to neck pain.
The Clinical Approach to Neck Pain
When a clinician sees a patient with neck pain, the first thought will probably be: "is there an underlying sinister cause of this patient's neck pain?" In the emergency care setting, the serious underlying concern is fracture, dislocation, or other structural injury requiring special care and/or surgical correction. Fracture or instability may also be of concern in a patient without acute traumatic onset, but within association with other conditions, such as cancer, infection, systemic diseases, inflammatory arthritis, and neurologic compromise.
In the context of the Neck Pain Task Force mandate evaluating neck pain without serious underlying structural disease, the next clinical question is "what is the problem and what is this patient's likely prognosis?" At this point, the clinician may or may not order further diagnostic testing and discuss treatment options with the patient. 12 In most cases, clinicians will offer fewer tests to patients whose neck pain is low burden and who are at low risk for disability. Factors that influence subsequent decisions on diagnostic testing for neck pain include: demographics, past experience with the health care system, patient's past therapies, setting (i.e., workplace vs. nonworkplace), patient's compensation status, the nature of the surrounding health care system, and legal systems.
Although physical examination and other tests can inform about prognosis and treatment options, patientcompleted questionnaires have an important role in understanding a patient's current perceived disability and prognosis. As such, patient questionnaires are also reviewed here as a "diagnostic tests" for status and prognosis.
We have divided the literature review into 3 sections (the order of presentation is based on clinical practice as described earlier): Section 1 includes all scientifically admissible studies on ruling out serious underlying pathology in neck trauma.
Section 2 includes all scientifically admissible studies related to patients seeking nonemergency care for neck pain with or without arm pain (radiculopathy) and/or headache.
Section 3 includes all scientifically admissible studies related to neck pain and self-assessment questionnaires.
Our systematic review on assessment of tests used to diagnose neck pain concludes with a series of Evidence Statements from the Neck Pain Task Force, which summarize these findings and which may be used as a guide to users of this systematic review.
Section 1
Clinical Emergency Assessment
Screening for Serious Neck Injury in Patients With Blunt Trauma to the Neck. Twenty-one studies evaluated screening for possible serious cervical spine injury. The case definition for patients in all admissible studies in this section is "patients seeking care in an emergency room for neck pain after blunt trauma to the neck." Serious injury to the neck includes fracture, dislocation, subluxation, and/or evidence of spinal cord injury. The studies accepted compared diagnostic accuracy in several ways: emergency clinical screening versus radiograph; CT-scan versus radiograph; 3-view standard radiograph versus 5-view radiograph; F/E radiograph versus CT scan and finally thin scan tomography versus radiograph.
Alert Low-Risk Patients With Blunt Trauma to the Neck. Eleven studies showed excellent performance for 2 screening instruments that were studied in large population-based studies (�40,000 individuals) in emergency care for alert low-risk patients with blunt trauma to the neck (Figure 1 ).
• The Canadian C-Spine Rule (CCR). [13] [14] [15] • The Nexus Low-Risk Criteria (NLC) 16 -22 Tested against a gold standard of radiography (standard 3-view radiograph including lateral, anteroposterior, and open mouth views), both the CCR and the NLC instruments performed well with a high sensitivity and excellent negative predictive value for ruling out serious injury in alert patients with "low risk" neck trauma. Thus, they effectively inform clinicians on optimal test ordering in patients presenting with low-risk neck trauma ( Table 2 ). The NLC is suitable for use in patients over 65 years of age, and it is important to note that there is a relative risk of up to 3 times more fractures in elderly people than younger adults seeking care in the emergency room (Table 2 ).
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High-Risk Patients With Blunt Trauma to the Neck (Glasgow Coma Scale <14). In high-risk patients with blunt trauma to the neck, CT scan outperforms standard radiograph (3 views), achieving higher predictability and accuracy. Eight studies suggest that CT scan outperformed plain radiograph in patients with cervical trauma and recommended CT scan as first imaging for obtunded, highrisk, and/or multi-injured blunt trauma patients. 10,24 -30 These criteria include elements of inspection (alertness, intoxication, and movement), active range of motion (rotation), passive range of motion, palpation (midline tenderness), and additional screening (Glasgow Coma Scale). Two other studies using other criteria for radiography screening for high-risk cervical spine injury were scientifically admissible but had lower accuracy and predictability of serious cervical spine injury in adults. 31, 32 Screening of Children With Blunt Trauma to the Neck. No validated screening instrument has been developed for children with blunt trauma to the neck. However, suggested indicators for injury in children with neck trauma are neck pain, altered mental state, and abnormal peripheral neurologic examination (sensation, reflexes, and strength). Risk factors suggestive of significant injury are amount of force, neck tenderness, limitation of neck motion, and major distraction injury. 33, 34 Other Studies and Blunt Trauma to the Neck. Flexionextension radiographs and 5-view radiographs (cross ta-ble lateral, anterior-posterior and odontoid views) in the acute stage of blunt neck trauma in adults or children added little to static radiography in predictability and accuracy. 22, 25, 35 There are additional risks with the performance of flexion and extension radiographs in subjects with uncertain cervical stability after trauma, especially in those with altered mental status, e.g., lack of accurate pain response and muscle stabilization.
Interpretation of standard radiographs of the neck by clinicians and radiologists show high variability in emergency care, but training and experience seem to reduce the variability of interpretation. 36 This is a potentially modifiable source of variability that should be taken into account in the clinical setting.
Emergency Medical Services Protocol for Spine Immobilization. One study used a specific protocol to immobilize the cervical spine for transportation of trauma patients (n � 13,483) to the emergency room. 37 Both spine injury assessment by the emergency medical services and spine immobilization were evaluated for predictive values for serious spine injury, i.e., fracture or instability. Spine injury assessment had a sensitivity of 91% (95% CI, 88.3-93.8) and specificity of 40% (95% CI, 39.2-40.9). Spine immobilization had a sensitivity of 92% (95% CI, 89.4 -94.6) and specificity of 40% (95%, CI 38.9 -40.5). About 8% of injuries to the neck injuries were missed, i.e., 33 of 415 fractures; none of these missed fractures involved spinal cord injury. This section includes all admissible studies we found related to clinical assessment and diagnostic tools for patients seeking care for neck pain in a nonemergency situation. The case ascertainment in this section includes patients with neck pain, neck pain and headache, and neck pain and radiculopathy at various stages of disease duration (acute, subacute, or chronic). The majority of diagnostic tests reviewed are studies concerning clinical physical evaluation or imaging.
Patient History. Since the Québec Task Force published its findings on WAD, 7 no scientifically admissible studies were found evaluating patient history as a diagnostic tool for patients with neck pain. Therefore, the Neck Pain Task Force carefully evaluated existing recommendations for ruling out serious conditions affecting the lumbar spine. We recommend a system of "Red Flags" (similar to the one now used in assessing patients with 
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For patients who are alert (as indicated by a score 15 on the Glasgow Coma Scale) and in stable condition and in whom cervical-spine injury is a concern, the determination of risk factors guides the use of cervical spine radiography. A dangerous mechanism is considered to be a fall from an elevation > 3ft or 5 stairs; an axial loading to the head (e.g. diving); a motor vehicle collision at high speed (> 100km/hr) or with rollover or ejection; a collision involving a motorized recreational vehicle; or a bicycle collision. A simple rear-end motor vehicle collision excludes being pushed into incoming traffic, being hit by a bus or a large truck, a rollover, and being hit by a high-speed vehicle.
The NEXUS Low Risk Criteria (NLC) Algorithm for screening of neck injuries
No posterior midline cervical spine tenderness -Midline posterior bony cervicalspine tenderness id present if the patient reports pain on palpation of the posterior midline neck from the nuchal ridge to the prominence of the first thoracic vertebrae, or if the patient evinces pain with direct palpation of any cervical spinous process.
No evidence of intoxication -Patients should be considered intoxicated if they either of the following: a recent history provided by the patient or an observer of intoxication or intoxicating ingestion, or evidence of intoxication on physical examination such as an odor of alcohol, slurred speech, ataxia, dysmetria, or other cerebellar findings, or any behavior consistent with intoxication. Patients may also be considered to be intoxicated if tests of bodily secretions are positive for alcohol or drugs that affect level of alertness.
A normal level of alertness -An altered level of alertness can include the following: a Glasgow Coma Scale score of 14 or less; disorientation to person, place time, or events; an inability to remember three objects at five minutes; a delayed or inappropriate response to external stimuli; or other findings.
No focal neurological deficit -A focal neurological deficit is any focal neurological finding on motor or sensory examination
No painful distracting injuries -No precise definition of painful distracting injury is possible. This category includes any condition thought by the clinician to be producing pain sufficient to distract the patient from a second (neck) injury. Such injuries may include, but are not limited to, any long-bone fracture; a visceral injury requiring surgical consultation; a large laceration, degloving injury, or crush injury; large burns; or any other injury causing acute functional impairment. Physicians may also classify any injury as distracting if it is thought to have the potential to impair the patient's ability to appreciate other injuries.
The Canadian C-Spine Rule (CCR) Figure 1 . The Canadian C-Spine Rule (CCR [13] [14] [15] 17 ) and the Nexus Low Risk Criteria (NLC) for screening of low risk injuries of blunt trauma to the neck in an emergency setting. 14,16,19,20 -22 
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123 low back pain), which would allow clinicians to rule out serious pathology in patients seeking care for neck pain with no exposure to blunt trauma (Table 3) . 38 -41 Important serious diseases to consider include pathologic fractures (following minor trauma or spontaneous), neoplasm (previous history of cancer, unexplained weight loss, constitutional symptoms, failure to improve with a month of therapy), systemic inflammatory diseases (e.g. ankylosing spondylitis and inflammatory arthritis), infections, cervical myelopathy, and/or previous cervical spine or neck surgery or open injury.
Clinical Assessment for Patients With Neck Pain. Sixtythree scientifically admissible studies were found. These are presented according to a sequential basic clinical examination: inspection, range of motion, strength, palpation, neurologic examination, and additional tests. Additional tests in this patient population include blood tests, electro diagnostics, functional tests, tests of symptom amplification, diagnostic anesthetic injections, provocative discography, and imaging studies. Figure 2 indicates the number of scientifically admissible studies in each assessment category.
Reliability of Clinical Examination of the Neck.
Clinical tests used in a neck examination as a group are not standardized, and their predictive values are quite variable. One study using inspection, range of motion, palpation, and provocation tests on volunteers with and without neck pain and experienced clinicians reported reliability coefficients ranging from inverse poor to moderate (� coefficient � �0.18 to 0.52).
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Visual Inspection of Neck and Upper Extremity. Interexaminer reliability for visual inspection for abnormal Figure 2 . Number of scientifically admissible diagnostic studies in each assessment topic for patients with neck pain with or without radiculopathy and/or headache seeking nonemergency care. A study may have been cited more than once if findings described were valid for more than one topic.
signs (muscle wasting, swelling, tenderness, redness, warmth, scars, nodules, and ganglions) of the neck and upper extremity in patients with neck pain and radiculopathy and nonpatients ranged from fair to excellent, e.g., kappa � 0.32-0.81. 43, 44 Interexaminer reliability increased as level of disease prevalence decreased, i.e., agreement and reliability of visual inspection increased to kappa � 0.96 -1.00 in healthy controls.
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Range of Motion of the Neck. Fifteen studies reported range of motion for diagnostic purposes. These studies included intersegmental range of motion of the cervical spine, passive, and active range of motion of the neck, measured with and without devices, in controls and patients with neck pain (with and without radiculopathy).
Reliability Range of Motion of the Cervical Spine. Intersegmental cervical spine motion, tested by physical therapists, had slight to moderate inter-rater reliability (Kappa � 0.05-0.61) in 2 small studies in patients with neck pain 45, 46 and 1 systematic review. 9 Interrater examination reliability for passive cervical range of motion has also been shown as slight to moderate; however, these data should be interpreted with caution as only 2 small studies were found using 2 experienced therapists in each study. 46, 47 Active range of motion of the cervical spine can be visually estimated by clinicians or measured with external devices. 44,48 -55 Only 1 of the studies (phase III) for active range of motion of the neck used a gold standard (radiograph in asymptomatic subjects) as a comparison. 54 Active range of motion of the neck visually estimated by clinicians was as reliable as using an external device for measuring neck range of motion, with moderate (Kappa �0.60) intrarater and interrater reliability. The variations in ratings of motion in the cervical spine were about 10°for intrarater agreements and about 20°for inter-rater agreements, irrespectively of method used. 49 Measurements of protraction and retraction of the head showed less reliability compared to flexion, extension, side bending, or rotation of the head.
48,51
Range of Motion in Patients Versus Nonpatients. Patients with neck pain with or without radiculopathy on average had slightly less volitional motion (phase I and II studies) compared to individuals with no neck pain, but there is a large degree of overlap between groups. 48, 50, 52, 54 Patients reporting acute benign WAD moved more slowly through the range of motion and have decreased volitional range of motion of the neck compared with asymptomatic controls. 48, 56 Chronic WAD patients recruited for examination by an insurance company had significantly lower volitional range of motion in the cervical spine compared to controls. 54 Patients with neck pain and nonpatients were equally accurate in estimating normal range of motion but less accurate in estimating reduced range of motion of the cervical spine in 2 studies. 57, 58 In 1 population study (phase III) in which subjects performed a selfassessment of their neck range of motion, and a clinical examination was used as gold standard (physician assessment following a strict protocol) for comparison, sensitivity ranged from 0.20 to 0.44 and specificity ranged from 0.95 to 0.98.
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Accuracy of Neck Movement Pattern in Women With and Without Exposure to Whiplash Trauma. A crosssectional phase I study investigated the reliability and discriminant validity of a new test, "The Fly," to detect accuracy of neck movement patterns in women. 59 The Fly test is a computerized test in which the subject follows a slow-moving object on the screen. The object has an unpredictable movement path that the subjects follow by moving their heads. The head movements are traced by software. Twenty women, reporting chronic (�6 months pain) pain complaints after exposure to whiplash trauma (WAD Grades I and II), were tested and compared to an aged matched control group. Intraclass correlation measured for reliability and neck movement pattern ranged from 60% to 77% for controls and from 79% to 86% for WAD patients when tested on 2 consecutive days. There was a significant difference (P � 0.05) between groups for each study movement pattern traced and tested. The test seems to have construct validity.
Muscle Strength and Endurance. We accepted 7 studies (6 phase I and II studies and 1 phase III study) dealing with neck muscle strength. For diagnostic purposes, muscle testing of the neck and upper extremity had consistent slight to moderate interexaminer reliability (kappa �0.60) in patients with neck pain with or without radiculopathy. 43, 44, 55 Interexaminer reliability increases as level of disease prevalence decreases. 43 The coefficient of variation in patients having repeat testing within days of an index test was about 8%. 50 There is some evidence that patients with chronic neck pain or "myalgia" have slightly lower neck muscle strength compared with control subjects. In subjects with neck pain, self-reported pain and disability ratings showed no correlation with strength measurements. 47, 50, 60 One study (phase I) evaluated neck muscle endurance in patients (n � 71) with WAD II compared with aged matched healthy controls (n � 71). 61 The Gold standard was the Neck Disability Index. 62 Cervical flexor endurance tested in a supine position could distinguish well between WAD II patients and healthy controls (P � 0.00). Muscle endurance measurement by EMG for repeated forward flexion of the arm tested in cleaners (n � 25) with neck pain and myalgia compared with symptom-free subjects (n � 46) was significantly lower. 
Reliability of Palpation for Tender Points and Trigger
Points. Assessments of trigger points around the neck by clinicians have fair to moderate inter-reliability (kappa � 0.24 -0.56) in patients with acute neck pain with or without arm pain or chronic neck pain (n � 52). 44 In 1 study (60 chronic neck patients), using an algometer increased inter-reliability for trigger point examination from moderate to excellent.
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Assessment of Trigger Points/Tender Points Against Gold Standard. When palpation around the neck in patients and nonpatients was tested against a gold standard (pain elicitation on physical examination), the sensitivity and specificity for trigger points was about 80% for both. 63, 64 Trigger point distribution was not found to discriminate between subjects with neck pain alone, neck pain with radiculopathy, or neck pain and MRI disc "bulging." Sensitivity to Touch According to Cervical Dermatomes. Sensitivity to touch (light touch and pin prick) has been evaluated on patients with neck pain with radiculopathy in 2 clinical studies 44, 55 and in 1 population-based study. 58 Inter-rater reliability for sensation was slight to substantial (kappa � 0.16 -0.67) with higher reliability for increased sensation compared with decreased sensation in patients with radiculopathy. 44, 55 Compared with a gold standard test (physician assessment following a strict protocol), subjects' self-assessment (using a predefined protocol of the ulnar and median nerve dermatomes) demonstrated large variability in sensitivity and high specificity, i.e., the subjects showed large variability to rule in the decreased sensation and high predictability to rule out decreased sensation.
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Provocation Tests for Neck Pain with Radicular Involvement. There is good evidence from 3 studies 55,64,66 and 1 systematic review 8 that clinical provocation tests for nerve root compression have high predictive values when compared with gold standards (MRI, nerve conduction/ EMG, and myelography). 8, 55, 64, 66 Tests including neck contralateral rotation of the head and extension of the arm and fingers extended yielded high accuracy for pain elicitation radiating in the arm associated with cervical root irritation, with sensitivity ranging from substantial to excellent (0.77-0.90) and specificity ranged from fair to excellent (0.22-0.94). 55, 64 Functional Tests: Lifting, Stepping, and Walking Tests. There is some evidence from a construct validity study that patients with chronic neck pain and high neck pain intensity during functional testing (lifting, stepping, and walking) have low-test performance. 67 
Manipulation, Mobilization for Diagnostic Purpose.
There is evidence from 1 double-blind randomized trial (phase IV) that tested the utility of low-amplitude manipulation and endplay assessment of the cervical spine and showed it to be low. 6 Employing endplay assessment in the evaluation did not improve utility, i.e., the primary outcome (same-day relief of pain and stiffness) observed in neck pain patients (n � 104) receiving the tests.
Nonorganic Signs Manual Test. There is evidence from 2 small studies that clinical testing for nonorganic signs in patients with chronic neck pain with and without radiculopathy had high inter-rater variability ranging from slight to excellent (kappa � 0.08 -1.00). 55, 68 Inter-rater variability increased somewhat for patients with chronic neck pain without radiculopathy.
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Blood Testing. Two phase I studies examined routine serology testing in patients with neck pain. One study showed slightly elevated blood markers (MNC and Tcells, CCR5) in patients with WAD 3 days after exposure to whiplash injury compared with blood markers in healthy controls; however, these markers normalized within 2 weeks. 69 No differences were found in routine serology for rheumatic and thyroid diseases administered to 2 groups of subjects: people exposed to repetitive work with high prevalence of chronic neck and shoulder complaints, and a group of controls.
63
Electro Diagnostics. A number of electrodiagnostic tests have been considered or used with the intent of documenting cervical radiculopathy. These include needle electromyography, F-responses, and nerve conduction studies, mixed nerve or dermatomal somatosensoryevoked responses, and quantitative sensory testing. We found no accepted scientific studies that supported the use of these tests in the diagnosis of cervical radiculopathy and no studies that can be used to determine the sensitivity or sensitivity of these tests in the clinical assessment of radiculopathy and neck pain.
Needle EMG, however, is an established test for the detection of acute and chronic muscle denervation that is often the hallmark of motor radiculopathy. Needle EMG has been used in 3 studies as the gold standard for manual clinical tests that have been studied for the detection of radiculopathy. 55, 64, 66 It should be noted that reports from the American Academy of Neurology's Therapeutics and Technology Subcommittee concludes that the current evidence is insufficient to determine the appropriateness of dermatomal somatosensory-evoked responses for any condition and that this test should be regarded as investigational (American Academy of Neu-rology 1997, reaffirmed on November 9, 2006). The same Subcommittee of the American Academy of Neurology assessed the literature on quantitative sensory testing and reached the conclusion that there were no adequate studies to consider quantitative sensory testing useful for any neurologic diagnosis. 70 Surface electromyography (sEMG) has been proposed as a test to distinguish patients with neck pain from those without neck pain. We accepted 3 studies (phase I), which involved sEMG. One study recorded sEMG of the upper trapezius over the workday in subjects (22 shopping center employees and 44 health care workers) with and without neck pain. 71 The 2 groups of workers represented high (health care workers) versus low (shopping center employees) biomechanical work exposure for the neck. There was no difference in average sEMG measurements between those who reported pain and those who did not.
Another study compared subjects (n � 20) with persistent neck pain with pain-free matched controls. 72 sEMG activity was continuously recorded from the upper trapezius muscle of the dominant side and the results averaged over 3 days. The gold standard in this study was self-reported persistent pain in the trapezius area, and the disease being diagnosed was persistent cervical muscle pain. The 2 groups did not show a significant difference in average sEMG activity over 3 days despite the difference in reported pain and sensory scores.
In another phase I study purported, "brain stemmediated antinociceptive reflexes" of the temporalis muscle were measured 5 days after injury in patients (n � 82) with benign whiplash injury and acute posttraumatic headache. 73 A control group (n � 43) of age and sexmatched volunteers was recruited in this cross-sectional study. sEMG was recorded from the right temporalis muscle. The data were analyzed for duration of ES2 for inhibitory temporalis reflex pattern (duration in ms), and ES1 (latency and duration) of interposed EMG burst. ES2 was significantly reduced in WAD patients from 36.5 (SD 9.4) ms compared with controls 49.0 (SD 7.1) ms (�0.001).
The meaning and clinical usefulness of these findings for sEMG remain to be determined. The American Academy of Neurology similarly found that studies of sEMG for low back pain were inconclusive or inadequate, and this test was considered unacceptable as a clinical tool in the evaluation of patients with low back pain. 74 This statement was reaffirmed on November 9, 2006.
Diagnostic Imaging (Radiograph, Myelography, CT Scan, Discography, and MRI). Eighteen studies were scientifically admissible concerning imaging in symptomatic and asymptomatic individuals and patients seeking care for neck pain with and without radiculopathy or spinal stenosis in a nonemergency situation. These studies are presented in the following order: radiograph, myelography, CT scan, discography, and MRI.
Radiograph in Neck Pain. In 1 cross-sectional study (phase I study), cervical curvature was analyzed in a group of patients (n � 488) with WAD who sought care 2 weeks after injury; the test was also administered to a group of healthy controls (n � 495). 75 Both groups underwent an anteroposterior and lateral radiograph in sitting position. Lordosis and kyphosis standardized measurements were done from radiograph images. No significant difference between measurements was found between groups for cervical lordosis versus nonlordosis or kyphosis. The study did find that age and gender were significantly associated with both increased lordosis and kyphosis, especially among women.
Myelography in the Assessment of Neck
Pain. One scientifically admissible study found that patients referred for cervical myelography who received water-soluble contrast agent iohexal (n � 368) had significantly less morbidity compared with patients given metrizamide (n � 90). Both agents produced similar visualization characteristics during imaging.
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Computerized Tomography in the Assessment of Neck Pain. We accepted 1 study that looked at the use of computerized tomography (CT) scans in patients with neck pain (n � 38) with and without radiculopathy including patients with spinal stenosis. 77 Inter-rater reliability readings of cervical spine CT scans by 6 neuroradiologists in patients with spinal stenosis yielded fair to moderate agreement (kappa � 0.26 -0.50). When test findings from CT scans and MRI readings were compared, agreements were slight to fair (kappa � 0.15-0.37).
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Discography in the Assessment of Neck Pain. Provocative cervical discography injections to determine if an injection reproduces a neck-pain patient's usual symptoms are purported to be useful to identify primary cervical discogenic pain illness and to guide treatment. One phase I and 1 phase II diagnostic studies of discography were scientifically admissible. 78, 79 One phase I study tested provocative discography injections (iohexol) in neck/head chronic pain patients and asymptomatic subjects (n � 20, 10 in each group). 78 This study found 7 of 10 (70%) asymptomatic subjects had a painful response to a disc injection of 4 or 5 (on a 0 -10 scale of increasing pain intensity), and 2 subjects had a pain response of 6/10, i.e., all false positive for pain intensity. The patient group, as a whole, reported greater mean pain responses with disc injection. The production of pain with disc injection does not seem to confirm the presence of discogenic pain as the primary cause of a serious neck pain illness in chronic neck/head pain patients compared with asymptomatic subjects. The proportion of healthy asymptomatic subjects, reporting pain values �4 of 10 with cervical disc injection, seems substantially higher in this study of cervical injections than similar experimental injections in the lumbar spine in subjects asymptomatic for low back problems. 
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One descriptive study of patients referred for provocative discography (n � 41) showed that injections at each disc level elicited pain in a broad area about the head, neck and chest with considerable overlap between levels. 79 Unfortunately, it was not clear that the cervical disc degeneration per se elicits specific axial or other pain symptoms because the study did not us a gold standard (for example surgical removal of the purported pain generator) to confirm primary symptomatic disc disruption.
We found no scientifically admissible phase III or IV diagnostic studies that tested the validity of discography as demonstrating primary discogenic pain in the cervical spine. There have been no gold standard comparisons of cervical discography results with proven discogenic pain by histopathologic or outcomes standards. Given the high proportion (70%) of healthy asymptomatic subjects reporting a painful response to disc injection in the Schellhas study, 78 it is not clear that the underlying premise of the test is valid. Furthermore, there have been no studies that show discography will improve clinical outcomes (phase IV) in patients considering surgery for neck pain symptoms and degenerative changes in the cervical spine.
Magnetic Resonance Imaging in the Assessment of Neck
Pain. Magnetic resonance imaging (MRI) is frequently recommended for the evaluation of neck pain syndromes. The MRI is often definitively used to determine the presence of serious underlying disease beyond the mandate of the Neck Pain Task Force (e.g., tumor, malignancy, rheumatoid panus extension, syrinx development, and others). When MRI is used in conjunction with physical examination, needle EMG, and provocative tests, MRI is helpful in confirming the site and level of root compression. We did examine the evidence for the use of MRI in patients reporting neck pain (with and without radiculopathy and/or headache) for whom these serious diseases have been excluded. We accepted 15 scientifically admissible studies examined MRI in asymptomatic individuals and in patients with neck pain (with and with out radiculopathy or cervical spinal stenosis).
Reliability of MRI.
The reliability of repeated readings of MRI for common findings for was generally fair to moderate in 6 studies. Interobserver reliability coefficients of determining anterior disc protrusion, disc degeneration, and foraminal stenosis in the cervical spine was moderate (kappa � 0.51-0.60) in 1 study. 82 In another study, the rating of severity of cervical stenosis (kappa � 0.37) and the determination of the cause of stenosis (bone vs. disc or combination, kappa � 0.40) were found to have fair reliability. 77 The use of a digitizer compared to a ruler did not seem to improve reliability. 83 In patients with chronic WAD (n � 92) and matched controls (n � 30) (phase I studies), examiners looked specifically for MRI bright signal abnormalities in the alar ligaments in the upper cervical spine (special sequence studies). It has been suggested that these signal abnormalities might indicate ligament injury. 84 The study found fair to moderate inter-reliability (kappa � 0.31-0.57) in identifying signal abnormality of the cervical alar ligament. 84 MRI signal intensity readings were less reliable (slight to fair kappa � 0.17-0.39) for the transverse, tectorial, and posterior atlanto-occipital membranes. 85, 86 In summary, the reliability of MRI readings for common degenerative or other pathologic findings in the cervical spine is moderate at best.
Standard MRI Versus Enhanced MRI. Standard MRI as gold standard versus enhanced MRI was studied in patients (n � 61) evaluated for degenerative diseases (cervical discs and or osteophytes) in the cervical spine. 87 Clear advantages for the enhanced MRI were not seen, and the standard MRI appeared to perform better than enhanced MRI in this patient population.
MRI Versus Surgery as Gold Standard.
One phase III study looked at MRI versus surgical observation and palpation (gold standard) in patients (n � 54) with cervical disc herniation who were referred to surgical intervention. 88 The aim of the study was to determine the accuracy of MRI in predicting the presence of disc material posterior to the posterior longitudinal ligament (PLL). Surgery confirmed 26 of 54 levels of disc material posterior of the PLL. MRI had a sensitivity of 42% and a specificity of 93% for disc material posterior to the PLL. The generalizability of this study is not clear as the same unblinded surgeon read the presurgical MRI and reported the intraoperative findings.
A retrospective study in 41 patients with neck pain including cervical radiculopathy (n � 15) or myelopathy (n � 19) compared surgery, as the gold standard, versus MRI in determining the presence or absence of a hard disc protruding into the cervical spinal canal. 89 Three independent observers (2 neurosurgeons and 1 neuroradiologist) participated; 1 surgeon did all surgery. Sensitivity (ruling in) ranged between 75% and 96%, specificity (ruling out) from 27% to 60%, PPV 68% to 75%, and NPV from 60% to 80% between independent raters' MRI and surgical findings.
MRI Findings in Asymptomatic and Symptomatic Individuals With or Without Neck Pain.
Three studies evaluated MRI the cervical spine in asymptomatic individuals (number of subjects in all 3 studies combined n � 649). 82, 90, 91 All studies found that positive MRI changes in the cervical spine were common in asymptomatic subjects and increase significantly with age (P ranged from 0.05 to 0.0001). Two studies showed a linear relationship between degenerative changes and age. 82, 91 Still, in no age-group tested (including subjects �25 years of age) were degenerative findings rare (�5%). Positive findings and number of cervical discs assessed for disc degeneration in asymptomatic individuals are shown in Table 4 .
In asymptomatic subjects, disc degeneration was often accompanied (up to 78%) by other positive MRI findings such as disc bulging, posterior or anterior disc protrusion, narrowing of the disc space, foraminal stenosis, and/or abnormal spinal cord contour. 82, 90 The high prevalence of these positive findings in MRI of the cervical spine in asymptomatic individuals emphasizes that common degenerative findings on MRI cannot be assumed to be the primary cause of symptoms in adult patients with neck pain.
One population-based study of young adults (n � 547) was aimed at determining whether subjects with persistent or recurrent neck and shoulder pain were more likely to have abnormal MRI findings of the cervical spine than those without neck and shoulder pain. 92 The first survey was performed on 17-years-old subjects; a follow-up survey was done 7 years later. Those subjects (n � 26) who responded with no symptoms at both surveys comprised the "no symptom" group and those subjects (n � 40) who responded with weekly symptoms in neck and shoulder at both surveys made up the "symptom" group. Thirty-one of the subjects from both groups had an MRI: 15 in the symptom-free group and 16 in the group reporting weekly symptoms over 7 years. A trend was found in the proportion of disc herniation seen on MRI in the symptomatic group (P � 0.10); however, the sample size is small, there was some apparent work-up bias (not all identified subjects were scanned). Thus, the findings should be interpreted with caution.
One study (phase I) evaluated MRI of the cervical spine of fighter pilots (n � 12) and age-matched controls (n � 12). The study showed premature cervical disc degeneration among senior fighter pilots exposed frequently to extremely high �Gz forces. 93 Fighter pilots had significantly more degenerative disc findings at C3-C4 (88%) versus controls (36%).
In summary, the evidence reviewed indicates that neck pain without clear radiculopathy is not reasonably ascribed to specific common degenerative changes seen on MRI.
MRI Findings in Patients With
Whiplash Associated Disorders. Patients (n � 40) with benign WAD were exposed to cervical and cerebral MRI 2 days after injury; findings were compared with controls (n � 20) not exposed to whiplash trauma. 94 The study failed to demonstrate unique or specific soft tissue lesions by MRI following acute whiplash exposure.
The possible presence of demonstrable ligamentous injury to the upper cervical spine after whiplash exposure has been investigated with special sequence MRI. A phase I study (n � 30) showed that bright signals in the alar, transverse ligaments, and other structures have been observed more frequently in subjects with whiplash trauma exposure after 6 years (range, 2-9 years) than control subjects. 84 -86 However, the reliability of different observers in classifying the presence or degree of ligamentous injury, as shown by the MRI signal change showed high variability. Validation of this finding as diagnosing bona fide, and clinically relevant ligamentous injury has not been demonstrated in these patients with WAD (grades I-III).
MRI in Asymptomatic Individuals and Patients With
Cervicogenic Headache. One cross-sectional phase 1 study compared MRI images of the cervical spine in patients with cervicogenic headache (n � 22) to MRIs of asymptomatic controls (n � 20). 95 Findings of bulging cervical disc were found in 45% both in patients and controls. Other common degenerative findings were no more frequently found in patients compared with controls (P � 0.05). The study suggests that MRI may not be an adequate method to detect pathologic findings for cervicogenic headache (if such specific pathologic findings exist).
Injections.
Anesthetic blockade or provocative injections of the cervical facet (zygapophysial) joints have been purported to diagnose neck pain due to primary facet joint pain in the absence of clear serious facet pathology (e.g., fracture, tumor, and isolated arthrosis). Various injections schemes have been advocated including
• injection of saline into the facet joint to "reproduce" the patients usual pain, • injection of anesthetic agents into the facet, • injection of anesthetic agents above or below the joint to anesthetize the medial branches (MB) innervating the facet, • comparison of different anesthetic agents (long vs. short-acting agents) injected a facet joint, • comparison of anesthetic agents versus placebo (saline) injections to a facet joint.
We accepted 4 studies on injections into the cervical spine for diagnostic purposes 96 -99 in patients with chronic neck pain (with or without WAD). Although accepted in our systematic review, these studies were all performed in specialty-clinic settings, and all included significant work-up bias, i.e., either not testing all facet joints or testing all study subjects in the same manner. Three studies found that a high proportion of subjects in 100 and 97%, 97 respectively, of patients in the accepted studies. Whether any of those subjects actually had primary facet joint pain, as the cause of their illness is unknown, because gold standard comparisons were not made.
However, when single positive injection with 1 anesthetic agent were challenged with a second injection (n � 45) using an anesthetic agent of different expected duration only 51% (95% CI 44%-58%) of these subjects had the expected "appropriate" pain relief with the second injection. That is, using the "comparative" block criteria, after an initial "positive" injection, the joint was found to be "negative" for pain relief about half the time with the second injection. 100 Another study using a different definition of a positive injection, found 73% (95% CI 62%-85%) of subjects responding to the first anesthetic injection with appropriate pain relief. 97 Furthermore, when subjects (n � 27) who had been found to have pain relief with both short-and longacting anesthetic blocks were challenged by a placebo (saline) injection, the study found that 26% (95% CI 16%-35%) responded with complete relief to the saline injection. 99 Conversely, of subjects responding with complete relief after a single anesthetic injection and having no response to a saline injection, only 55% had an appropriate response to another anesthetic injection.
In summary, diagnostic facet injections have not been validated to identify facet joint pain as the primary cause of pain in patients with serious neck pain illness. Nor do these injections seem to have acceptable reliability. Anesthetic blockade by a series of alternative methods does not seem to consistently identify the same subjects as having presumed primary facet joint pain. Finally, in no study has the utility of these injections been established based on improved outcomes.
Section 3
Self-Assessment Questionnaires. Self-administered questionnaires are commonly used in clinical practice. These instruments primarily deal with perceived pain, perceived disability, inability, or ability to cope with neck pain, inability, or ability to function and/or healthcare utilization. Although subjective measures may provide useful evaluative information for determining the etiology of the pain, questionnaires alone cannot establish or confirm a diagnosis; however, these questionnaires can:
• provide valuable insight into the impact of neck pain;
• be used to monitor change of the condition over time;
• be very helpful in establishing the patient's perceived functional deficit and/or psychosomatic status; and • be useful for choice of appropriate and effective treatment for both clinicians and patients.
To determine the real value of a questionnaire, one should know about its reliability and validity (content, construct, and predictive), its responsiveness to change, the ease of administration, and how acceptable the tool is to both patients and clinicians. Based on this systematic review and scientifically admissible articles, not all criteria are available for any of the questionnaire cited.
There were 19 scientifically admissible studies describing 13 self-administered instruments used for the clinical evaluation of patients with neck pain (with or without radiculopathy or WAD) in a nonemergency situation. Most of the questionnaires have been designed specifically to evaluate patients with neck pain, several questionnaires have been designed to evaluate disorders of the spine in general, and yet others are generic (i.e., not intended to assess any single health condition). Most of the questionnaires are also potentially useful outside the clinical setting (e.g., for research studies and/or for screening).
Only those studies that involved patients seeking care for neck pain, using these self-assessment questionnaires, are reported here. This section identifies the assessment tools as specific to the neck pain population or generic. We also report results, where available, which are related to the questionnaire items, scaling, scoring, and/or psychometric properties. Psychometric properties include test-retest and inter-rater reliability, internal consistency, content, construct and predictive validity, and responsiveness to change.
The questionnaires are presented in groups according to the specific focus of the instrument: pain and selfassessment, function/disability and self-assessment, psychosocial items and self-assessment, and finally health care utilization and self-assessment.
Pain and Self-Assessment. Questionnaires that incorporate assessments of pain include the extended Aberdeen Spine Pain Scale (APS), 101 Bournemouth Questionnaire (BQ), 102 Cervical Spine Outcome Questionnaire (CSOQ), 103 Current Perceived Health 42 Profile (CPH42), 104 Neck Disability Index (NDI), 62, [105] [106] [107] [108] Problem Elicitation Technique (PET), 105 Sickness Impact Profile (SIP), 51 Visual Analog Scale (VAS), 47,55,108 -110 and the Whiplash Disability Questionnaire (WDQ). 111 The VAS is the most cited pain measure, largely because it is simple to use, has good psychometric properties and is often cited as the gold standard against which other questionnaires are judged. 51, 55, 109, 110 Because we found no scientifically admissible studies specifically ad-dressing the properties of neck pain, we decided that non-neck pain articles could be cited and were appropriate to include in this systematic review given. VAS is a generic pain instrument.
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The VAS is best at detecting change in patients who improve. The VAS has been used to show a weak association between pain and disability 51 and a negative correlation between neck strength output and pain. 47 The NDI, a neck-specific questionnaire, which overlaps with other measures, showed moderate to good agreement with the SF-36, a generic questionnaire, and the NDI is the most valid of the tools reported. The APS, CSOQ, CHP42, and NDI were all responsive to change, with some variation. 101, 103, 104 The BQ showed high sensitivity and specificity in distinguishing neck patients who had clinically significant improvement compared with those who did not improve, based on a 34% raw score change. 102 The APS was most responsive when health improved; this is typical for a questionnaire and responsiveness. 101 Most selfassessment questionnaires are more responsive in capturing health improvement than deterioration. The NDI discriminates between those who improved or deteriorated, but did not detect change in score in those who remained stable. 108 As expected, there is no change to detect if people remained stable; therefore, the instrument behaved appropriately.
Function/Disability and Self-Assessment. Eleven questionnaires were reviewed for evaluating function and disability in patients with cervical pain, with and without arm pain. These include the CSOQ, 103 Copenhagen Neck Functional Disability Scale (CNFDS), 114, 115 Current Perceived Health 42 Profile (CPH42), 104 Global Assessment of Neck Pain (GANP), 114 Neck Disability Index (NDI), 62, 106, 107 Neck Pain and Disability Scale (and the modified scale) (NPDS), 47, 108, 109 Northwick Park Neck Pain Questionnaire (NPQ), 105, 108, 116 Problem Elicitation Technique (PET), 105 Sickness Impact Profile (SIP), 51 Visual Analog Scale (VAS), 47, 51, 108 and Whiplash Disability Questionnaire.(WDQ) 111 These questionnaires are denoted as generic or body specific for the neck by the authors of the cited studies ( Table 5 ).
The CNFDS was tested on chronic neck pain patients and showed moderate to good validity. 115 The CSOQ and CNFDS both showed good reliability. 103, 115 The NDI and VAS have been cited in the literature as the gold standard for other questionnaires. 51, 55, 62, 105, 109, 110 Responsiveness to change was high for the CSOQ, NPDS, NPQ (between patients who improved or remained stable), 103, 108 and VAS (in patients who improve). 51 The WDQ was shown to be a valid and reliable tool for assessing disability in WAD patients. 111 In WAD patients with several abnormal structures on MRI, significant increases in NDI scores were noted. 106 Acceptable cut points and predicting cut-points that differentiate level of severity have been described for the CNFDS and GANP. 114 The NPQ has been translated to Chinese and Spanish, 110, 116 and the NPDS to Turkish.
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Psychosocial Items and Self-Assessment. The CSOQ, 103 PET, 105 and CPH42 104 all addressed the psychosocial well-being of neck patients. The CSOQ, despite its performance within other constructs, showed low to moderate responsiveness for psychological distress. 103 The CPH42, a 42-question scale, showed good reliability, moderate validity, and good responsiveness to change. 104 Although considerable overlap exists among the various questionnaires, the PET identifies emotional and social problems common in this population.
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Health Care Utilization and Self-Assessment. Only the CSOQ attempted to describe health care utilization. However, despite its performance within other constructs, it showed low to moderate responsiveness for health care utilization. Any questionnaire not designed specific for neck pain is considered generic. Reliability, validity, responsiveness and acceptability for each questionnaire is available where evidence exists on the NPTF website.
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Discussion
Emergency Screening for Serious Neck Injuries in Patients With Blunt Trauma to the Neck
There is strong evidence from several high quality phase III studies to suggest that practitioners can reliably employ either the Canadian C-spine rules (CCR) 15 or the Nexus low-risk criteria (NLC) 20 to rule out the need for further imaging in adult patients at low risk of neck pain injury seeking emergency care (Figure 1 and Table 6). [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] There is strong evidence to suggest that use of routine cervical spine radiographs alone, (compared to CT scans) may miss important injuries in the evaluation of patients with traumatic high-risk neck injuries in emergency situations, and that CT scan should be used instead. 10,24 -30 Coupled with the fact that there is important variability in reading the plain radiographs and that there is good evidence to suggest that the CT scan has a superior performance, routine radiographs alone may be superseded by CT in the setting of acute neck trauma in high-risk patients. Where CT scan facilities are not available to patients with high-risk injuries and radiographs are inconclusive, patients may need to be stabilized, and transported to facilities with other imaging alternatives. Enthusiasm for CT imaging in cervical trauma must be tempered by the economic burden if universally applied and the much higher radiation exposure to sensitive tissues, especially in children and younger adults. 124, 125 Our evidence review suggests that there is lack of guidelines for children and neck trauma injuries; developing and testing such guidelines should be a priority for the clinical research community.
Clinical Assessment of Nonemergency Neck Patients
There is insufficient available evidence to confirm the utility of conventional "Red Flag Symptom" for triaging nonacute neck patients, although their use has been strongly encouraged 41 (Table 6 ). Although it is sensible that the same types of presentation (or predisposing risk) of serious structural disease that occurs in the lumbar spine 39 may also occur in the cervical spine, the cervical spine area has special anatomic considerations and risks (e.g., the presence of the spinal cord, specific rheumatoid destructive processes, specific adjacent vascular and visceral diseases). These idiosyncratic processes demands objective evidence and further studies be performed to define those subgroups of neck pain patients at higher risk as a result of these serious structural diseases.
We suggest a new classification for Neck Pain expressed as grade I-IV encompassing all neck pain building on the Québec Task Force Classification 7 as a diag- The classification is based on 5 axes including the source of subjects, the setting and sampling of subjects or patients and the severity, duration, and pattern of neck pain. 1 The new proposed classification for neck pain and its associated disorders has not been validated.
Remarkably, there is little information on the validity or utility of the self-reported history in evaluating neck pain disorders. There is some information that selfreported questionnaires regarding past medical care may not have a high accuracy. 103 Similarly, data from the orthopedic trauma literature (not specifically reviewed for the Neck Pain Task Force) suggests the history received in specialty spine clinics in subjects reporting continued axial pain after MVA may systematically underestimate previous low back and neck pain problems and comorbidities associated with poor recovery. 117 The current literature indicates that the clinical routine physical examination is more effective in ruling out cervical radiculopathy than confirming its presence. An exception is the manual provocation test for nerve root compromise, which seems to have a high sensitivity and high PPV.
As far as the physical examination of patients seeking care for neck pain with associated disorders, there is some evidence that some features of inspection, range of motion, strength, palpation, and provocation tests can be useful. Inspection of the neck patient for abnormal signs (for example, muscle wasting, swelling, redness, scars, and others) has low to moderate interexaminer reliability. Range of motion is moderately reliable, and it does not seem to matter whether it is assessed by the clinician (assessing active, or passive range of motion with or without a device), or whether it is self-described by the patient.
In addition, the available evidence suggests that subjects with neck pain identify discomfort with palpation for trigger points around the neck had moderate to high predictive value for neck pain with and without radiculopathy. Manual provocation tests designed to elicit nerve root compression in the cervical spine also have high positive predictive value (i.e., ruling in radiculopathy). Beyond the physical examination, there is no good evidence from this systematic review that laboratory studies provide any unique value, or that surface, dermatomal, or quantitative sensory electrophysiological studies provide useful ancillary data. Needle EMG examination, although not specifically studied for cervical radiculopathy, is considered the gold standard test for denervation from any cause.
Several studies examined the role of imaging. There does not seem to be good evidence supporting the utility of plain radiographs in patients seeking nonacute care for neck pain who do not have major structural disease. No CT scan study was accepted for predictive values in the nonacute patient with neck pain with and with out radiculopathy. Despite the many potential advantages of MRI in detecting major structural disease (e.g., neoplasm, infection, etc.), current multiple scientifically admissible studies do not suggest that it has any unique role, independent of the history and clinical examination in detecting the cause of neck pain. Combined with symptoms of radicular complaints, specific findings on examination, and possibly needle EMG findings, the MRI may aid clinicians in determining the site and level of neurologic compression.
Other specialized investigative techniques, such as anesthetic facet joint injections and provocative discography, purported to "definitively" identify primary and specific lesions causing serious neck pain illness, do not seem to be supportable based on the current evidence and cannot be recommended as a routine part of clinical practice.
Patient self-assessment questionnaires seem to deserve greater use in routine clinical practice and research. The instruments cited have demonstrated acceptable reliability; many are suitable to characterize patients clinically, have good content validity and are responsive to changes of the patients self reported status. It is unclear from the current systematic review if specific results from these questionnaires are useful in predicting long-term outcome related to pain, disability, and employment.
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Some Limitations of Our Research
There are limitations of this chapter that merit some discussion. Like all best evidence syntheses, this chapter is limited by both the quantity and the quality of the available evidence. We were surprised at the limited number of studies in several areas, for example, in special populations (children and elderly), electro diagnostics, functional testing, and the use of imaging in diagnosing patient with neck pain in nonemergency situation. We were also surprised at the limited quality of studies, notably, we found only 1 phase IV study addressing the health care consequences addressing mobilization of the neck, 6 and few phase III studies (including gold standard for assessment) in the nonemergency patient populations.
We realize that some readers, who are unfamiliar with the best evidence synthesis approach to summarizing the literature, may not appreciate its value. However, we feel that limiting our conclusions to studies that are of high methodologic quality is a notable strength. An uncritical mixing of studies of lower and higher quality scientific merit would yield potentially confusing and misleading results.
Directions for Future Research
• There is an urgent need for studies of pediatric populations and neck trauma. It is important to understand if modifications of the CCR or the NLC apply to the pediatric population.
• There is a need to test several, potentially promising techniques or commonly used clinical tests in proper designs that have shown promise in phase I and II • There is an immediate and strong need to test almost all commonly used clinical examination tests against gold standards, for predictive values and for utility in patients with non serious neck pain and associated disorders. Only provocation tests for cervical radiculopathy were well tested against gold standards 8, 55, 64, 66 and manipulation was tested for utility. 6 
Evidence Statements
Clinical Emergency Screening for Serious Neck Injury in Patients With Blunt Trauma to the Neck
• There is strong consistent evidence from 11 studies (phase II and III) of large cohorts that using screening protocols for alert low-risk patients with blunt trauma to the neck will have high predictive values for detecting a cervical spine fracture. The CCR and the NLC have tested more than 40,000 patients. These protocols were tested against a 3-view radiograph as the gold standard, and appear to have an extremely low risk of missing a serious injury in this group. 13-17,19 -23,31,32 • There is consistent evidence that CT-scan (7 studies phase II and III) is more sensitive for finding significant cervical spine injury than plain 3-view radiograph in patients (adult and elderly) with cervical trauma for high risk and/or multi-injured blunt trauma neck patients seeking care in an emergency room. 10, 24, 25, [27] [28] [29] [30] • There is evidence (1 phase I and 1 phase II study) suggesting indicators for screening for serious injury in children seeking care for neck trauma. Suggested indicators are neck pain, altered mental state, abnormal peripheral neurologic examination (sensation, reflexes, strength). 33, 34 • There is evidence against (1 phase I and 1 phase III study) the use of flexion/extension (F/E) radiographs or 5-view radiograph of the cervical spine in adults and children seeking emergency care for acute blunt trauma to the neck. F/E radiograph or 5-views radiograph did not have higher accuracy than standard 3-view radiograph in these studies. 22, 35 • There is limited evidence (1 phase III study) that specialty training for clinicians in the ability to interpret radiograph films in emergency situations for patients with blunt trauma to the neck improves the reliability of the image interpretation and thereby possibly increasing the diagnostic accuracy. 36 • There is limited evidence (1 phase I study) of the predictive value using a specific screening protocol by EMT workers for immobilizing and transporting patients with suspected neck trauma to the emergency room. 37 • There is no evidence (no study) to support the routine use of MRI as a screening tool after acute neck blunt trauma in an emergency setting. 
Clinical Physical Examination
• There is consistent evidence that the clinical physical examination is generally more predictive at excluding ("ruling out") a structural lesion or neurologic compression than at diagnosing ("ruling in") root compression and radiculopathy. 8, 55, 64, 66 • There is consistent evidence that measuring normal cervical range of motion (14 phase I-III studies) is equally reliable whether measured by visual estimation or external device. Patients' estimates of reduced range of motion of the neck are less accurate.
9,44 -52,54,55,57,58 There is evidence from 2 studies (phase I) that chronic WAD patients and subjects with neck pain and myalgia have less mobility in the cervical spine compared with controls. 54, 60 There is evidence from 1 study that patients reporting acute WAD problems have decreased volitional range of motion of the neck compared to asymptomatic controls. 56 • There is limited evidence (1 phase I study) that patients with chronic neck pain, on average, have slightly lower neck muscle strength compared with controls. 50 • There is evidence (2 phase I studies) that cervical flexor endurance or arm flexor endurance can discriminate between subjects reporting chronic WAD II problems or subjects with neck pain and myalgia compared to controls. 60, 61 • There is consistent evidence that trigger-point palpation by a clinician (3 phase I studies) or "patient self-palpation" compared with physician palpation is reliable. 58, 63, 64 There is limited evidence (1 phase II study) that patients with neck pain and those with suspected radiculopathy have similar trigger point distributions. 65 • There is consistent evidence in patients with radiculopathy (2 phase II studies) that sensory examinations, which demonstrate increased sensitivity to light touch and pin prick, are more reproducible than examinations demonstrating decreased sensation. 44, 55 There is limited evidence (1 phase I study) that when subjects fail to identify a sensory change on selfassessment significant nerve root compression is highly unlikely to be found at physician examination. 58 • There is limited evidence (1 phase I study) against the use of low-amplitude manipulation and endplay assessment of the cervical spine in patients with neck pain. One randomized phase IV trial showed that this assessment did not improve the primary outcome of same day pain level and stiffness relief observed in neck pain patients. These findings need to be replicated. 6 • There is consistent evidence (3 phase III studies and 1 systematic review) to support the use of radicular pain provocation tests for neck patients to detect probable nerve root compression findings. The most predictive test included contralateral neck rotation and extension of the arm and the fingers of the affected side. 8, 55, 64, 66 • There is evidence against the use of routine blood tests to distinguish patients with acute whiplash exposure or chronic neck pain complaints from those subjects without exposure to whiplash or chronic neck troubles (2 phase I studies). 63, 69 Routine blood tests could not distinguish patients from nonpatients at late stage of WAD or chronic neck pain.
• There is limited evidence (1 phase II study) that patients with chronic neck pain may perform less well on certain functional test. 67 • There is consistent evidence that nonorganic sign tests had high inter-rater variability among clinicians testing patients with chronic neck pain. 55, 68 • There is evidence against the use of electrodiagnostic testing in patients with neck pain without suspected radiculopathy. Two studies (phase I and II) found that surface EMG activity of the upper trapezius muscle did not distinguish between subjects with and without neck pain. 71, 72 • There is no evidence that the degree of cervical lordosis or kyphosis can accurately distinguish "cervical muscle spasm" or subjects with whiplash exposure from those with no exposure to whiplash. One study (phase I) found that there is no difference in cervical lordosis or kyphosis in patients with subacute WAD compared with controls as documented by radiograph. 75 • There is no evidence (no scientifically admissible studies) to support the use of surface electromyelography, dermatomal somatosensory-evoked responses or quantitative sensory testing in the diagnosis of radiculopathy.
• There is limited evidence (1 phase II study) that the assessment of root compression or canal stenosis of the cervical spine by CT scan has fair to moderate reliability. 77 • There is no evidence that pain reproduction on provocative disc injection identifies the injected disc as the cause of primary serious neck pain problems. There is weak evidence against provocative discography of the cervical spine in patients with neck pain. There is evidence (1 phase II study) that pain response to provocative discography cannot accurately distinguish between subjects with and without neck pain. 78 There is no evidence that provocative cervical discography has clear utility in treating patients with neck pain (i.e., improves outcomes). 78, 79 • There is consistent evidence from (4 phase I studies) that the identification of common degenerative changes in the cervical spine, identified by MRI is at best fair to moderately reproducible. 77, 82, 84, 85 • There is evidence against the use of a digitizer to enhance MRI readings or enhanced MRI (2 phase II studies) to improve reliability in reading MRIs for the cervical spine findings. 83, 87 • There is evidence (2 phase II studies) that cervical MRI findings of a hard disc or extrusion of disc material through the cervical posterior longitudinal ligament are often not in agreement with the surgeonreported findings at surgery. 88, 89 • There is no evidence that common degenerative changes on cervical MRI are strongly correlated with neck pain symptoms. There is evidence (4 phase I and II studies) that MRI findings of the cervical spine of common degenerative changes are highly prevalent in asymptomatic subjects. Abnormal MRI findings of the cervical spine also found to increase with age. 82,90 -92 • There is evidence (1 phase I study) that frequent exposure to extremely high g-forces in senior fighter pilots compared to controls is associated with increased cervical disc degeneration. 93 • There is no evidence that standard sequence MRI accurately detect specific trauma-related findings in the subaxial cervical spine in the absence of fracture, dislocation or major ligamentous disruption. There is evidence (1 phase II study) that patients with acute WAD do not have soft tissue lesions of the cervical spine demonstrated by MRI. 94 • The validity of high-intensity signals MRI findings in the upper cervical spine ligaments as representing acute whiplash injury has not been demonstrated. There is evidence (3 phase I studies) that identifying signal changes in the ligaments of the upper cervical spine in late stage of WAD by special sequence MRI had slight to moderate reliability. 84 -86 The utility of this finding in diagnosing bona fide and clinically relevant ligamentous injury and directing effective treatment has not been demonstrated in WAD patients (grade I-III).
• There is no evidence that common degenerative changes on cervical MRI are associated with pain in patients with supposed cervicogenic headache. One phase I study found similar MRI findings in cervicogenic headache patients and asymptomatic controls. 95 • There is no evidence supporting the validity of diagnostic facet joint or medial branch blocks as diagnosing cervical facet joint pain as the primary cause of serious neck pain illness. There is evidence against (4 phase II studies) the use of diagnostic facet joint or medial branch injections of the cervical spine; these studies show poor reliability. There is no evidence that the use of diagnostic facet injections improves treatment outcomes (utility) in patients with chronic neck pain.
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Self-assessment by Questionnaires
• There is consistent evidence that patient selfassessment questionnaires may have utility in routine clinical practice and research by characterizing patients' clinical presentation, subjective functional impact of neck pain and course over time.
• There is no evidence (no studies) that a selfassessment questionnaire alone can accurately diagnose a structural cause of illness in patients with neck S117 Assessment of Neck Pain • Nordin et al 123 pain. However, the questionnaires cited in this systematic literature review can provide useful information regarding patient self-assessment for pain, function, and perceived disability and psychosocial status.
• Overall there was evidence for moderate to strong performance of all the questionnaires cited for reliability, validity, and responsiveness to change in this systematic literature review. Not all parameters of performance for an instrument cited have been measured for all questionnaires in the scientifically admissible studies. 47,62,101-103,105-109,111,114 -116 • There is evidence (14 studies) that neck specific questionnaires are more responsive to changes in the neck pain and to differences among various groups of patients with neck pain than generic pain questionnaires. 47,62,101-103,105-109,111,114 -116 • There is evidence that generic questionnaires may be more useful than neck specific questionnaires for comparing individuals with neck pain with other disease groups (see Table 5 ). 47,51,55,104,108 -110 • There is evidence against (1 study) in patients with neck pain to use self-assessment questionnaires to monitor health care utilization i.e., the study showed that patients had poor recollection of healthcare utilization.
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Research Recommendations
As the preceding evidence statements suggest, there are large areas in the diagnostic testing of neck pain associated disorders that are poorly validated, even at the most elementary levels. Few clinical entities related to neck pain have been systematically investigated except the emergency screening for blunt trauma to the neck. Despite the lack of adequate supporting evidence apparent in our comprehensive review, in clinical practice "diagnoses of convenience" are often made. Diagnoses such as "cervical sprain," "minor facet subluxation," "primary discogenic pain," "internal disc derangement," "postural neck pain," "primary zygapophysial pain," and others have been in common usage for decades, often without confirmation of the entity itself or any means of diagnosis according to accepted scientific methods. Tests claiming to make these diagnoses need to be rigorously tested and clear strategies to do so have been well described. 5, [121] [122] [123] Investigators interested in designing appropriate studies are strongly advised to consider established guidelines to ensure study validity (e.g., appropriate subject composition, avoidance of work-up bias, avoidance of review bias, testing for reproducibility, and others). Equally important is the need to clearly establish gold standard comparisons that exist outside the test being evaluated. 117, 122 As Greenhalgh 122 points out one must be certain "that the test being validated is not being used to define the gold standard." This is very common error in spinal diagnostic research.
Most importantly, it must be clear where the burden of proof lies in the study of diagnostic methods. Diagnostic tests must be assumed clinically uninterpretable until their validity and limitations are established. More often in our review, we have seen tests advocated for popular use on the reverse premise: the tests must be assumed valid until someone can show they are worthless (e.g., provocative discography). Tragically, the spinal literature of the last century is littered with "definitive diagnoses" of pain syndromes, based on a novel test only to be abandoned as invalid only after many years of inappropriate use (e.g., "definitive axial pain diagnoses" on the basis of radiographs showing bone spurs or minor alignment changes, bone scans showing increased uptake, MRI showing disc signal loss, facet injections giving temporary pain relief, etc.).
Clinicians should know what a test's accuracy and limitations are before using it, clinician-investigators need to appreciate that it is very difficult and sometimes impossible to scientifically disprove an ill-defined theory whether it be "intelligent design," "cervical sprain," "joint instability," or "internal disc derangement."
Specific Areas of Inquiry
• There is a need to establish screening criteria for infants, children, and adolescents seeking care in an emergency room for blunt trauma a to the neck (phase III and IV studies).
• There is a lack of consistency among emergency physicians to interpret radiograph and other imaging in emergency situations for patients with blunt trauma to the neck. Better-designed studies are needed for the most efficacious training of imaging interpretation of these patients' films.
• There is a need to validate and establish the relative utility and cost-effectiveness of screening patients seeking treatment for nonemergency/nontraumatic neck pain for serious structural disease ("Neck Pain Red Flags") (phase I-IV studies).
• There is a need to confirm the validity and utility (phases III-IV study) of the clinical musculoskeletal neck examination in patients with neck pain without radiculopathy.
• There is a need to further establish reliability (phase II) and to establish validity and utility of muscle strength and endurance testing of the neck (phase III and IV studies).
• There is a need to replicate the evidence against the utility of using manipulation of the neck to direct specific treatment in patients with neck pain with or with out radiculopathy (phase IV study).
• There is a need to establish reliability, validity, and utility of functional capacity testing in patients with neck pain with and without radiculopathy (phase I-IV studies).
• There is a need to establish validity and utility of the nonorganic-signs test in patients with chronic neck pain (phase III and IV studies).
• There is a need to evaluate dermatomal somatosensory-evoked responses or quantitative testing in the diagnosis of radiculopathy (phase I-IV studies).
• There is a need for more robust studies to validate the utility of CT-scan in the assessment of root compression in patients with neck pain and radiculopathy (phase II-IV studies).
• There is a need to demonstrate validity and utility of MRI for patients with acute and chronic WAD II in well-designed studies (phase III-IV studies).
• There is a need to examine the gold standard criteria for many basic neck pain diagnoses. Of the many unvalidated tests and diagnoses these common purported diagnoses may deserve early attention: "cervical strain," "spinal malalignment," "cervical instability," "zygapophysial pain," "cervicogenic headache," "internal disc derangement," "discogenic neck pain," or "minor disc protrusion" as a cause of neck pain without radiculopathy.
• There is a need to identify clinical subgroups of patients (with neck pain and radicular pain) who are most likely to respond to standard surgical treatment (phase III and IV studies).
• There is a need to measure all performance parameters simultaneously (reliability, validity, responsiveness to change, and easy of administration) in the neck specific self-assessment questionnaires.
• There is a need to identify or develop questionnaires useful to describe healthcare utilization in patients with neck pain with and without radiculopathy and/or headache.
Key Points
The scientific evidence strongly supports the use of:
• Screening protocols in emergency care in lowrisk patient with blunt trauma to the neck.
• CT-scanning in emergency care for high-risk patients with blunt trauma to the neck.
In patients seeking care for nonemergency neck pain, the scientific evidence supports the use of:
• Manual provocation tests in patients with neck pain and suspected radiculopathy.
• The combination of history, physical examination, modern imaging techniques, and needle EMG to diagnose the cause and site of cervical radiculopathy.
• Self-reported patient assessment to evaluate perceived pain, function, disability, and psychosocial status.
In patients seeking care for nonemergency neck pain, there is no evidence to support the diagnostic validity or utility of:
• Provocative discography.
• Anesthetic facet or medial branch blocks.
• Surface electromyography, dermatomal somatosensory-evoked responses or quantitative sensory testing in the diagnosis of radiculopathy. Tables available online through Article Plus. 
